The malignancy of a tumor depends on the capability of cancer cells to metastasize. The process of metastasis involves cell invasion through connective tissue and transmigration through endothelial monolayers. The GPIanchored receptor CD24 expression is increased in several tumor types and is consistently associated with increased metastasis formation in patients. Furthermore, the localization of b1 integrins in lipid rafts depends on CD24. Cell invasion is a fundamental biomechanical process and usually requires cell adhesion to the extracellular matrix (ECM) through mainly b1 heterodimeric integrin receptors. Here, we studied the invasion of human lung A125 cancer cells with different CD24 expression levels in 3D ECMs. We hypothesized that CD24 expression increases the invasive Colloidal mesoporous silica (CMS) nanoparticles are promising candidates for drug delivery. However, after the drug is loaded into the pores, sealing of the pores against premature drug release and controlled intracellular drug release are challenging tasks. We studied the mechanisms of nanoparticle uptake into living cells, trafficking and intracellular delivery of drugs by highly-sensitive fluorescence microscopy and real-time single-particle tracking.
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The GPI-Anchored Receptor CD24 Increases Cancer Cell Invasion through Enhanced Contractile Forces Claudia Tanja Mierke, Martina Fellner, Steffen Runz, Peter Altevogt, Ben Fabry. The malignancy of a tumor depends on the capability of cancer cells to metastasize. The process of metastasis involves cell invasion through connective tissue and transmigration through endothelial monolayers. The GPIanchored receptor CD24 expression is increased in several tumor types and is consistently associated with increased metastasis formation in patients. Furthermore, the localization of b1 integrins in lipid rafts depends on CD24. Cell invasion is a fundamental biomechanical process and usually requires cell adhesion to the extracellular matrix (ECM) through mainly b1 heterodimeric integrin receptors. Here, we studied the invasion of human lung A125 cancer cells with different CD24 expression levels in 3D ECMs. We hypothesized that CD24 expression increases the invasive Colloidal mesoporous silica (CMS) nanoparticles are promising candidates for drug delivery. However, after the drug is loaded into the pores, sealing of the pores against premature drug release and controlled intracellular drug release are challenging tasks. We studied the mechanisms of nanoparticle uptake into living cells, trafficking and intracellular delivery of drugs by highly-sensitive fluorescence microscopy and real-time single-particle tracking.
As an approach to seal the mesopores, we encapsulated CMS nanoparticles of 50 nm diameter with a supported lipid bilayer (SLB). We demonstrated the delivery of the microtubule-depolymerising drug colchicine from SLB-coated CMS nanoparticles into liver cancer cells. The microtubule network of the cells was destroyed within 2 h of incubation. With this method, colchicine is released directly into the cell showing characteristic effects at concentrations below the amount necessary for application in solution.
In another approach, we linked a fluorescently labelled model drug (cystein-ATTO633) via a redox-sensitive disulfide bridge inside the pores of CMS. For reduction of the disulfide bonds and release of the drug, the CMS nanoparticles need to reach the cytoplasmic reducing milieu after internalization. We showed that nanoparticles were endocytosed by HuH7 cells, but endosomal escape seems to be a bottleneck for drug release. Using a photosensitizer to induce endosomal escape, successful release of the drug was achieved. Additionally, we found that grafting of ATTO633 at high concentration in the pores of silica nanoparticles results in self-quenching of the ATTO633 fluorescence. Release of dye from the pores promotes a de-quenching effect with an excellent readout signal. As the EGF-receptor is overexpressed on a variety of tumors, CMS particles were equipped with EGF as ligand for specific targeting. Internalization and cellular motion of the particles was studied by single-particle tracking.
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Internalization Pathways and Intracellular Fate of Poly(Lysine) Analogues Zuzana Kadlecova, Laurence Abrami, Alessandra Griffa, Matthias Geissbühler, Theo Lasser, Florian M. Wurm, F. Gisou van, der Goot, Harm-Anton Klok. Cationic peptides and polymers are widely used as nonviral transfection agents. A fundamental understanding of the relationship between structure and translocation mechanisms, intracellular trafficking and final targeting of these molecules is still lacking to date and mostly based on empirical observations. In this contribution we systematically investigate the role of the structural parameters of the polycations on their endocytic pathway and intracellular fate in vitro. To cover all the structural parameters, a library of the polycations based on L-lysine monomer unit was constructed, covering a broad range of molecular weights and degree of branching. A new class of cationic polymers, prepared by polycondensation of L-lysine, was developed to explore the impact of very high molecular weights. The uptake pathways of the structural analogues were probed by specific inhibitors of endocytosis. The internalization kinetics was measured at a macroscopic scale by fluorescence intensity methods to identify the key structural parameters stimulating the translocation into the cytosol. The microscopic distribution and the trafficking kinetics were studied by two distinct methods: subcellular fractionation and confocal scanning laser microscopy with subsequent high throughput image analysis. The final localization in CHO cells was followed by indirect immunocytochemistry. In parallel a novel technique based on the sensitivity of the fluorescent probes to local microenvironment and assessed by triplet lifetime imaging is developed for this purpose. We found that architecture and molecular weight of polycation have profound effects on intracellular trafficking and resulting localization. Hyperbranched polylysine with extremely high molecular weight posses a unique capacity in comparison to the linear and dendritic analogues to destabilize endosomes and to escape from lysosomes, which is generally the limiting step in gene delivery.
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GSK-3 Regulates Bidirectional Transport of Kinesin-1 driven Cargoes Christina Leidel, Carole Weaver, Lukasz Szpankowski, Lawrence S.B. Goldstein, George T. Shubeita. Abnormal deposits of amyloid plaques which characterize Alzheimer's disease have been linked to deficient transport of the Amyloid Precursor Protein (APP) by kinesin-1 motors. It is of great interest to identify the regulatory factors that enhance or inhibit axonal transport, thereby providing direction along the path of pharmaceutical treatments for neurodegenerative diseases. The serine/threonine kinase Glycogen Synthase Kinase 3 (GSK-3) has been proposed as a regulator of axonal kinesin-1 and has been linked to many aspects of the development of Alzheimer's disease. We use interdisciplinary techniques including force measurements and video tracking of individual cargos in Drosophila embryos, and kymographs of fluorescently labeled axonal cargos in Drosophila larvae to examine the role played in transport by dGSK-3, the GSK-3 homolog in Drosophila. Mutations in the Shaggy gene (sgg 1 ) which encodes for dGSK-3 allow us to probe the effects of loss-of-function and over-expression of dGSK-3 on transport parameters such as cargo velocity and run length. Our work indicates that GSK-3 is a required negative regulator of transport in vivo that directly affects the motion of APP in axons and lipid droplets in the embryos. In vivo measurements of the stall forces of motor-driven cargos enable us to differentiate between two possible mechanisms by which GSK-3 regulates transport: changes in the motor copy-number on the cargos or changes in motor activity.
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Coarse-Grained Modeling of Organelle Motility in Living Cells Kristopher E. Daly, Kyle Lemoi, Yen-Chun Liu, Luis Vidali, Erkan Tuzel. Organelle motility is essential for the functioning of the eukaryotic cell. Actively modifying intracellular structures allows cells to change and adapt to different conditions. In plants, reorganization of the chloroplasts is critical to adapt to changes in light quality and intensity. Our analysis of chloroplast motility in moss provides evidence that this active transport is facilitated by the microtubule cytoskeleton and molecular motors. We will present detailed in vivo measurements of organelle organization and motility, combined with coarse-grained mesoscale modeling. Our simulations take into account both thermal fluctuations and the topology of the microtubule network, and shed light into the molecular mechanisms at play.
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